ABSTRACT
INTRODUCTION
Several research groups have been working on the development of pharmaceutical buccoadhesives in the form of tablets, patches, multi-layered systems, disks, micro-spheres, creams and hydrogel systems, as an alternative to conventional orally administered dosage forms (Tamburic and Craig, 1996; Desai and Kumar, 2004, MohammadiSamani, Bahri-Najafi, Yousefi, 2005; Minghetti et al., 2010) . Oral mucosal drug delivery offers several benefits, such as selective release of drugs at their respective binding sites, ease of administration and removal of the dosage form, low enzyme activity, reduction of first-pass metabolism in the liver as well as the ability to control the release due to its composition of hydrophilic excipients (Lara, Garcia, Panzeri, 1998; Perioli et al., 2004; Mohammadi-samani, Bahri-najafi, Yousefi, 2005; Puthli and Dixit, 2009) . Ease of access to the oral cavity gives it great potential as an environment for the administration of drugs; however one of the limitations encountered is the lack of retention of the dosage form at the point of administration. Bioadhesive dosage forms should overcome this limitation (Tamburic and Craig, 1996; ElSamaligy, Yahia, Basalious, 2004; Akbari et al., 2004; Perioli et al., 2008) . Bioadhesion is a characteristic that some natural or synthetic macro-molecules present when they adhere to biological tissue, where weight, molecular conformation, crosslink density, load, ionizing properties, as well as the concentration of the polymer used, are all determining factors for the bioadhesion to occur. In general, this process involves three stages: moistening, interpenetration and muco-polymer mechanical interaction (Peppas and Mikos, 1989; Sudhakar, Kuotsu, Bandyopadhyay, 2006; Patel, Prajapat, Patel, 2007) . Modified release dosage forms release their drugs gradually, maintaining their plasmatic concentrations at therapeutic levels during a modified time period. Among the various technologies available for the preparation of these orally administered solid forms, the hydrophilic matricial system is important (Pezzini, Silva, Ferraz, 2007; Teixeira 2009 ). Bioadhesive systems can be characterized as a hydrophilic matrix since they are dispersions of the drug in a polymer. Their main purpose is to adhere to the mucosal layer; however, they may also be active in controlling the drug release. The most suitable material is hydrogel-forming polymer that has distinctive physical and chemical properties, such as hydrophilicity, flexibility, visco-elastic properties and an adequate degree of swelling. (Tamburic and Craig, 1996; Monaco, 2000; Elsamaligy, Yahia, Basalious, 2004; Perioli et al., 2004; Sudhakar, Kuotsu, Bandyopadhyay, 2006; Patel, Prajapati, Patel, 2007) . The release of drugs from the buccoadhesive matricial systems takes place when the dosage form comes into contact with the water, causing a change of state from vitreous to malleable. Water acts as a plastifying liquid, and is retained within the polymeric chains, thus reducing the intermolecular forces of attraction and resulting in the release of the drug (Lopes, Lobo, Costa, 2005) .The purpose of this study was to develop buccoadhesive systems in the form of modifiedrelease hydrophilic matrices containing diclofenac sodium combined with four hydrogel-forming polymers: hydroxypropyl methylcellulose (HPMC), polycarbophil (PAA), guar gum (GG); and xanthan gum (GX). 
MATERIAL AND METHODS

Material
Preparation of buccoadhesive hydrophilic matrices
The formulations (Table 1) were prepared individually in a hydraulic press (Shimadzu SSP10A), with an 8mm-diameter matrix and 10 kgf of compression for 5s. Microcrystalline cellulose was used as an excipient for the formulations containing only one polymer. The physical parameters of diameter, thickness and mass were calculated during matrix development. Legend: PAA, polycarbophil; GG, guar gum; GX, xanthan gum; HPMC, hydroxypropyl methylcellulose; CM, microcrystalline cellulose; DS, diclofenac sodium.
Swelling Index (SI) of buccoadhesive hydrophilic matrices
The Swelling Index (SI) was determined in accordance with Desai and Kumar (2004) , using pH 6.8 phosphate buffer how medium and its value was calculated with Equation (1):
Where W 2 is the weight of the matrix after each period of swelling and W 1 represents the weight of the dry matrix (before beginning of test).
Evaluation of the in vitro adhesion of the buccoadhesive hydrophilic matrices
The adhesion index (AI) was determined by adapting a methodology described by Desai and Kumar (2004) (Fig. 1) . The buccoadhesive matrix (n=3) was attached with cyanoacrylate (superbonder ® ) to the lower external part of the plate (P1). A Petri dish containing 2 mL of pH 6.8 phosphate buffer was placed on this plate, which was supported by a stainless steel base. A 50g weight was placed on the plate (P1) and kept there for 5 minutes. After the predetermined time period, water was added into the beaker positioned at (P2) at a constant rate of approximately 100 droplets per minute. The addition of water was interrupted when the buccoadhesive matrix was displaced from the Petri dish. The adhesion index was expressed by the mass of water (g) responsible for causing the displacement of the buccoadhesive matrix.
In vitro adherence time of the buccoadhesive hydrophilic matrices
The adherence time was determined using a disintegration device (Fig. 2 ) modified by Sudhakar, Kuotsu, Bandyopadhyay (2006) . The samples were hydrated with 50 µL of pH 6.8 phosphate buffer on one side of the matrices and fixed to a glass slide which was vertically inserted into the disintegration device. The system was activated and the time until complete erosion or detachment of the matrices from the glass slide was recorded. (Sudhakar, Kuotsu, Bandyopadhyay, 2006) .
In vitro dissolution profile of the buccoadhesive hydrophilic matrices
The dissolution profile was carried out in a Hanson Research SR6 under sink conditions, for a period of 12 hours using a paddle apparatus at 50 rpm. One of the sides of the matrix was moistened with 50µL of dissolution medium and fixed to the inside wall of a glass cube into which 500 mL of pH 6.8 phosphate buffer was added as a dissolution medium. At predetermined time intervals of 5, 15, 30, 60, 90, 120, 180, 240, 300, 360 and 720 minutes, 10 mL samples were withdraw, filtered (Millipore Millex-HV Hydrophilic PVDF, 0.45 µm porosity) and evaluated with a spectrophotometer (UV-1601, Shimadzu λ=276 nm). After each sample was withdraw, the same quantity of liquid was replaced, thus maintaining the volume in the recipient.
RESULTS AND DISCUSSION Swelling Index (SI) of buccoadhesive hydrophilic matrices
The hydrophilic matrices obtained presented an average diameter of 8±0.4mm; an average thickness of 2±0.1mm and an average mass of 0.150g±0.007g. In decreasing order, the value of the SI after 720 minutes was F3>F6>F2>F4=F9>F7>F5>F10>F1 (Fig. 3) . Two formulations (Table 1) for the SI can not be determined, F11 because your fast disintegration (free of polymers) and the F8, which contains xanthan gum combined with microcrystalline cellulose, partially disintegrated during the first 15 minutes, and then completely 60 minutes into the test, probably due to the disintegrating effect of microcrystalline cellulose. However, when the xanthan gum was combined with the other polymers, F3 (PAA/GX) and F6 (GX/GG), the SI was elevated, proving that when combined, there is an interaction between the polymers reflected in the water absorption capacity and the integrity of the physical structure of the matrix, meaning that the latter does not disintegrate. The partial erosion of the hydrophilic matrix, with a loss of final mass, may have been the reason for the lower SI value for F1. This occurs because the size of the matrix initially increases as the polymer hydrates and swells. After this phase, there is progressive retraction with the dissolution of the polymer and the drug until the matrix completely disappears (Lopes, Lobo, Costa, 2005) . The F10 formulation attained a low swelling index, due to the lower viscosity of HPMC, when compared to the gums and because it's concentration was too low to attain a greater rate of swelling and, consequently, gradual release of the drug. Lopes, Lobo and Costa (2005) observed that the HPMC chains, in elevated concentrations, form a tangle, giving rise to a fairly consistent gelatinous layer, which does not occur in lower concentrations, where the gel formed presents very low levels of viscosity and swelling, and the drug dissolves rapidly, so is thus not retained. The other formulations presented the expected SI values. 
Evaluation of the in vitro adhesion index (AI) of the buccoadhesive hydrophilic matrices
The results of the study that evaluated the AI of the buccoadhesive hydrophilic matrices are detailed in Table 2 . It can be observed that the formulations that presented better adhesion have PAA combined with other polymers in their compositions, and the best performance was achieved by F4 (PAA/HPMC). However, when these polymers are used in isolation, F1 (PAA) and F10 (HPMC), the AI is substantially reduced. Similar results were obtained by Desai and Kumar (2004) when evaluating the combination (1:1) of Carbopol ® 934 (a polymer derived from polyacrylic acid) and HPMC K4M, which exhibited greater adhesive power, compared to 1:2 and 0:1 ratios. When isolated, Carbopol ® 934 exhibited weak adhesive power. Evaluating formulations where polymers were used in isolation, a better performance was observed for F1 (PAA), followed by F8 (GX), F5 (GG) and F10 (HPMC) ( Haupt and collaborators (2006) .
In vitro adherence time of the buccoadhesive hydrophilic matrices
The adherence time results (Table 2) correspond to the values discovered in the adhesion study, because the formulations that attained the best AI (F4, F2 and F9) presented an adherence time greater than 24 hours, whilst the F5, F8 and F10 formulations presented lower adherence times, 0.3h, 3h and 0.2h respectively. Different from other formulations, for F6 and F7, the adherence time values were not correlated with their adhesion index. 
In vitro dissolution profile of the buccoadhesive hydrophilic matrices
By the dissolution profile of the evaluated matrices (Fig. 4) it can be observed that F1 released around 90% of its drug in a gradual and consistent manner during the 12-hour test. The F2 profile (GG/PAA) indicates great drug retention, with about 10% dissolution after 12 hours; in other words, a reduced value compared to the formulations when these same polymers were isolated. For F3, it was observed that drug release was low for the first 360 minutes, and after this time, the erosive process began, which facilitated drug release. The F4 (PAA/HPMC) dissolution profile was similar to that determined for F2 (GG/HPMC). Both presented the lowest rate of drug dissolution among all the formulations evaluated. The swelling capacity of guar gum contributed to the low level of drug release, due to the formation of a layer of external gel around the F5 hydrophilic matrix. In F6, the rate of drug release in the dissolution test was observed to be low after the 12-hour test, possibly due to interaction between the gums: guar and xanthan. As a consequence of the high viscosity caused by the interaction of the two polymers, there was an increase in the layer of gel formed around the matrix, which led to the low dissolution value for this formulation. A synergetic effect between the guar and xanthan gums was observed by Waaler and collaborators (1992) . An increase in viscosity was created when it came into contact with water, an effect that is explained by the interaction between the part containing galactomannan-free galactose and the α-helix of xanthan gum. 
The F8 formulation disintegrated completely between 180 and 240 minutes, thus explaining its behavior during the dissolution test. In the F9 formulation, it was observed that, at the end of the dissolution test, the value obtained was approximately 44%. This result matches its swelling index (4.6), a significant value when compared to the other formulations tested. F10 proved to be an immediate release dosage form. Although HPMC has the characteristic of releasing drugs in a controlled/prolonged manner, it is believed that, in this case, the concentration used was insufficient to swell the matrix and control the drug release. Compared to other polymers in this study, it was HPMC that presented one of the lowest swelling indexes. In the F11 formulation, the quantity of microcrystalline cellulose was 100% in relation to the drug, and this high concentration may have caused a reduction in the release speed of diclofenac sodium. After 12 hours, 80% of the drug had been released, which is considered too long for an immediate release dosage form, as was predicted for F11, which contained no polymer with swelling and bioadhesive properties. Petrovick and Lima Neto (1997) state that when microcrystalline cellulose is used in concentrations greater than 80% in conjunction with low solubility drugs, it may cause a reduction in the dissolution speed of the drug.
Comparing the behavior of the polymers: PAA, HPMC, GG and GX, it was observed that when they are isolated, they present a better release performance that when they are combined. Among the matrices evaluated, those with GG presented a lower rate of drug release.
Swelling index versus adhesion index
As a rule, the greater the swelling index the greater the adhesion index. The connection between the swelling and adhesion indexes (Fig. 5) proved that the formulations that presented the greatest AI value (F4, F2 and F9) also attained the greatest SI value, confirming the observations of Tamburic and Craig, (1996), Prudat-Christiaens and collaborators (1996) , Sudhakar, Kuotsu and Bandyopadhyay, (2006), Patel, Prajapat and Patel, (2007) . However, formulations F3 and F6 (the greatest SI values) - (Fig. 3) , did not present a corresponding AI value. The excess of water absorbed by the matrix probably interfered with the adhesion process, resulting in its precocious displacement. For F10, both the adhesion index and the Swelling Index were low, evidence of the weak adhesive properties of the HPMC polymer. The F11 formulation did not present a swelling index and an adhesion index, because they did not contain any polymer in their composition. 
Dissolution profile versus Swelling Index
Many authors state that the greater the swelling index of the polymer, the slower the release of the drug (Guo et al., 1998; El Samaligy, Yahia and Basalious, 2004; Lopes, Lobo, Costa, 2005; Patel, Prajapati, Patel, 2007) . Due to the thick gelatinous layer formed around the exterior of the dosage form, it is more difficult for the drug to escape the polymeric network. But there are some issues that should be taken into consideration. In Figure 5 , it can be observed that the F3 formulation, which attained the greatest swelling index, was not the one that presented the lowest dissolution profile. This occurred because part of the hydrophilic matrix disintegrated during the dissolution test, thus undergoing an erosive process and releasing the drug. However, the F1, F8 and F10 formulations that presented the greatest rate of drug release were the hydrophilic matrices that presented the lowest SI, proving what several authors have observed (Guo et al.,1998; El Samaligy, Yahia and Basalious, 2004; Lopes, Lobo, Costa, 2005; Patel, Prajapati, Patel, 2007) . We work in search of a buccoadhesive matrix that met the parameters mentioned in our goal, the matrix must have adhesive capacity for a time period during which the drug dissociates to promote the desired effect. The formulation that showed the best performance was the F1, although the adhesion index was low, the adherence time was appropriate to their dissolution profile, because over the 8 hours that had been adhered, the drug had dissolution of about 60%. Then F1, F3 was the formulation that best suited to its purpose, it had a high swelling index, adherence time of 16 hours, without affecting either its dissolution profile, since after 12 hours of test there was a release of more 50% of the drug, after 6 hours of test began the process of erosion of the matrix, the water started coming through the polymer chain, destabilizing the polymer-polymer bonds, resulting in modified-release drug. The F3, F6, and F9 formulations, which contained xanthan gum combined with other polymers, revealed a correlation between the vales of the swelling index and the dissolution profile.
CONCLUSION
The formulations containing the combined polymers presented good adhesive power, a high swelling profile and low drug dissolution. It is supposed that this occurred due to the interaction between the chains of combined polymers, thus hindering the release of the drug. When isolated, polycarbophil (F1) presented a superior performance as a modified-release adhesive hydrophilic matrix. The matrix comprising exclusively of HPMC presented the properties of an immediate-release dosage form, with dissolution of 86% of the drug within 30 minutes, in addition to low adhesive capacity. The matrix comprising of isolated guar gum presented a profile with low drug dissolution, releasing 40% after 12 hours, probably due to the concentration of gum used compared to the quantity of drug in the formulation. Xanthan gum presented a release rate of 90%, 240 minutes into the test, a low level of adhesive power and duration, and its swelling index could not be evaluated as the matrix had disintegrated during the first hour of the test. When used in an isolated manner, hydroxypropyl methylcellulose, guar gum and xanthan gum all presented low rates of adhesion, and are thus recommended for the preparation of dosage forms only in association with each other or with other polymers. The best association was to formulation F3, it had a high swelling index, adherence time of 16 hours, since after 12 hours of test there was a release of more 50% and presented the modifiedrelease of the drug.
